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UNITED STATES -PATENT 

This. invention relates to an improved. P0cess 
for ethod for the manufacturé Of pòlymyxin, 
namely the antibiotic formed by the metabolism 
of Bacillus arJspous Greer or Bacillus polymYxa 
.(Prazmowski) Migula. A method of produciig 
th.is antibiotic was described in the specification 
accompanying application for Letters Patert No. 
779,229 dated Octoberl'0, 1947. The present in- 
. vention relates to an improvément in the afore- 
said process and the object of it is make possible 
_ the production of a purer Product and to simplify 
the extraction process. 
After the bacillus bas been grownuPon the 
.culture medium it is necessary to remove the 
organisms from the metabolism fiuid belote the 
latter can be treated to extract the antibiotic 
therefrom; the remaining liquid is then teated 
with activated charcoal under acid conditions to 
remove part of the impurities present and the 
charcoal filtered Off, the filtrate being then further 
treated as described in the specificati0n of the 
prior application above mentioned. It is round 
sometimes, however, that the metabolism fluid 
 COntains considerable quantities of impurities of 
a gummy nature and when this happens it is a 
matter of considerable difficulty t0 ff]ter off the 
 suPernatan liquid after the treatment with char- 
coa! above mentioned. It is the objec of the 
present invention to overcome this difficulty. 
. By research and exPeriment it bas been round 
hat the gummy impurity is destroyed by heat 
.  under acid conditions without Serious loss of the 
 antibiotic. The gum is apparently hydrolysed to 
soluble Compounds thus facilitating filtration. 
.... My invention accordingly comprises a modifi- 
.cation in the process of extracting the anti- 
. biotic above referred to consisting in heating the 
metabolism fiuid under acid conditions belote 
. treating it with charcoal, the rime and tempera- 
ture of heating and the acidity being such that 
substantially all (at least 90%) of the gummy 
impuritY is converted into a non-gummy form 
whilWleaving substantially all (at least 90%) of 
thë.antibiotic activity unimpaired.. 
 ' Stated  in more detail my invention comprises 
 a process for the preparation of an antibiotic 
 .comprising forming a culture of the. bacillus 
 known as Bacillus aerosporu Greer or Bacllus 
polymyxa (Prazmowski) Migula in a nutrient 
:fiuid, removing thebacillus from the metabolism 
.fiuid wherein it bas grown, heating the said fluid 
under acid conditions, ff]tering it, treting it with 
 activated charcoal to extract tmpurities there- 
 .from, increaasing the ptt of the fluid above 6,0, 
adsorbing the antibiotic upon activated Charcoal 
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and removig the antibiotic from the said.ac - 
tivated charcoal nder acid cohoEtions by treat- 
i the latter with a solçent for sid antibioic. 
. The variable ftors aboçe mentioned are- 
5. terdependent, d also dependent upon the par- 
tic.af acid prsent andto somë exten.uP0n:the 
culte meoEum empl0Yed.  The. str0nger.the 
acid present, the more quicklythe gmy-im- 
pity isattacked and thei'efore the shorter: is 
lO the time of heating reqred or the-lower the 
temperature of heating needed. Excessive heat- 
ing is.to be ayoided, as .tenoEng .tdfiëtoY the 
Té partiular time d emperature.of;heat- 
15 ing to be empioyëd for y gïven metabosm 
solution-.and acid is a matter of imple t d 
By waY of illustration oy the fOllowi more 
detailed descriptionOf amethod of preparing an 
20 antibiotic in cc0rdance With-my invention will 
now b e given. " 
The Orgasm wch I empioy isa bacillus hav- 
g central spor; it is motile d produes acid 
and gas with glucose, lacse, Saccharose, mn- 
25 nite, maltose, xylose, araSinose, sacin: raffinose, 
laelose and in.in but hot th 'sorbitol or 
inoSite; .is ïndole and methyl-red negative and 
gives a: positive Voges-Proskauer reaction..It 
produ acid d clot from litmus milk  the 
30 tmus is reduced, whey separates ad the fot 
OEges. Nitras are reduced, gelati dergoes 
late sacca liq$fication, coalted serum is 
liqfied. ere are at le'st two coloal vari- 
ants, one beg of whitish appearance and the 
35 other brown or .grey. Colores of two of the 
varits are oothin outne d muc0id. - : 
The bacillus in qutin is wïdely OEstributed 
in natê. Besides being airbore ithas been 
f0d in water, soil, milk,' faeces: and fiecaying 
4o vegetables.,  " " 
:I select strai of thë bacillus which during 
metabolism ,yield good amounts of the desired 
antibiotic,  Ts may be done by biòlogical assay 
of cultures derived from separate colores ofthe 
45 orgasm obtained by plate culture. 
I d that strass of the bacillus wch 
mucoid, white and sny colores in.genral Prb- 
ducethe best yiel of the antibiotic and I selt 
these strai, avoing those strai./which 
5o. duce colores wch are rough ' and br0. 
 The bacillus grows well on the uàl culture 
mena. I bave obtained bst rests-ith an 
aqueous mecum containg 10 bY Volume of 
nutrient broth with the adtion er 0.002 % man- 
55 ganese sulphate, 3 glucose and 0.6 



monium hydrogen phosphate, having a ptt of 
approximately 7.4. The bacillus being aerobic, 
culture (as in the case of other aerobic bacflli) 
may be either in static shallow layers or in deeper 
vessels with artificial aeration. 
To prepare the inoculum, incubation of tre 
selected strain at 37 °. C. for 18. :to 24 hours is a 
suitable procedure. About 5 millilitres of the 
inoculum may then be added fo 100. millilitres 
of the above described nutrient medium in a l 
fiat flask and the whole incubated ai 22:28 °- 
C. for 3 to 8 days or for 20-24 hours in bases 
where artificiaI aeration is employed. Samples 
are tested for antibiotic content periodically and " 
the culture batch harvested-when 'he antibiotic .1/. 
content is substantially at a maximum. 
Because the antibiotic is absorbed by--filter 
materials, the metabolism fiuid should besepa- 
rated from the bacteria by centrifugation. 0.4% 
of chloroform maF be added as preservative. 
The heat reatment .of the metabolism fiuid 
ir .the presence of acid, .above specified, is then 
arried out. 
As an example of suitable conditions, it may 
.be-.stated 'ttïat addition of 2% by weight of 
Concentrated hYdr0chloric acid (of a strength Of 
40 gams hydrochloric, acid gas in each 100 
millilitrës) ,to one metabolism solution aPPar- 
ently .comÇletely hydrolYsed all gummy impuri- 
ries present after heating fo 80 » C. for 30 min- 
 -Utes, withoutappreciable loss of antibiotic activity 
of the fiuid. " 
 HYdroch!0ric and sulphuric acids are the acids 
.of .choice, but any other acid Wlich does not 
. Xeactwith and destroythe acivity Of the anti- 
biotic (a matter of simple test) may be em- 
ployed, although the time or tempertue of the 
heat treatment (or both) wfll almost:ceïtainly 
be round to be greter than when hydrochloric 
or- ulptiuric acids are employed. 
'If heating is prolonged sufficiently any pli 
.of less than 6.0 may be empl0yed. Destruction 
of- the a.ntibiotic activity, however, is diminished 
bY lowering the pli .during the heat treament 
step, lreferably fo about 2.5, that ,is to say 
2.0 ,to 3.0. - 
.In some cases_, the .metab01ism. fiuid initially 
.bas a pli below .6,l). In such cases it is possible 
to carrY out he heat treatment step without any 
further addition of .acid, .though usually such 
addition is desirable in order fo reduce the rime 
.inolved, or the temperature empl0yed, or to 
:reduce destruction of the antibiotic. 
I then treat.this acidified fiuid with a suitable 
 .a.ctivated charcoal, whereby I adsorb much of 
the colouring matter and other .impurities present 
.but not,the .antibi0tic. About 0.5% of charcoal 
zelatively to he weight of-tlïe solution is a 
suitable amount.  Whether a charcoal is or is 
hot a suïtable one, that is to say whether it will 
adsorb the colouring matter and impurifies but 
no the antibiotic under acid .conditions is a 
matter .of simple test. The activated charcoals 
 old under the trade names Farnell's No. 14 and 
Farnell's L.S. are suitable for use in this manner. 
The charcoal is then filtered off and dis- 
carded. " 
The filtrate;, containing the antibioticis then 
made neutràl (pli 6:0. to8.0)by addition of 
alkali,-sucri as caustic soda.  tt is then treated 
again witti a suitable activated charcoal. This 
.ti.me (under neutral c0nditions) the anibiotic 
is adsorbed. 
The.charcoal is filtered off and then..the anti- 
biotic is eluted fl'om.it by washing with-aqueous 
 acetone, of approximately 40% i-concentration by 

weight, maintained ai a pli of approximately 
2.5 with sulphuric acid. 
Acetone is then added to the eluate until the 
concentration of acetone is approximately 75%. 
This solution is then chilled to about 4 ° C. for 
about. lô hours. The solid rnatter, containing 
the antibiotic .CS removed by filtration. It is 
then treated with water ai about 30 ° C. The 
insoluble residue is filtered off and discarded. 
The filtrate is brought to pli 7 by adding 
alkli. Further gelatinous inactive material de- 
.posits and is filtered off. The remaining solu- 
. tion is then frozen and dried under vacuum whfle 
frozen, yielding the crude sulphate of the de- 
sired antibïotic. 
The antibiotic may be purified by conversion 
 fo-its helianthate, by adding a saturated solu- 
tion of  methyl orange to a solution of a salt 
of the antibiotic in aqueous methanol. The 
0 helianthate separates after standing at 4 ° C. for 
12 hours. 
Ifthe quantity of methyl orange-added is 
such.çhat about. 80 % of the antibiotic activity 
:is ass0ciated with the precipitate, the latter con- 
25 tins, the antibiotic in purified -form, certain 
Jf hé impurities remaining in the moher liquor 
in £hese circumstances. The precipitates may 
be washed successively with Water and methnol 
and then treated with acid in methanol to con- 
30 vert the antibiotic fo its soluble hydrochloride 
0r other desired acid sali, which sali may be 
recovered in solid form, for examP!e by precip- 
itation with acetone, 
' The-new antibiotic is a fairly strong base, Its 
35 hydrochloride is extremely soluble in-water and 
]es easy to. handlethan ifs less soluble sulphate. 
Its heliantate is StiI1 lCss Soluble. The base 
is an off-white amorphous solid. It is stable for 
short periods in aqueous solution a a pli-of 
40 3 fo 8. It is very unstable in alkaline solutions. 
If .cannot be extracted from aqueous solution 
bY chloroform. It is most conveniently dissolved 
in watr or .methano!. 
 The antibiotic-s a poypeptide having a 
:45 molecular weight of ai least 2,000, consisting 
essentially of 'three arnino acids, threonine, 
leucine and -^«-diaminobutyric acid, in the 
relative proportions 4:1:15, approximately. At- 
tention may. be direCted to the OEact that the 
antibiotic produced by my process, unlike cer- 
tain 5ther antibiotics,-does hot yield serine when 
it is hydrolysed. 
The antibiotic bas been proved by in vivo ex- 
Peiments with mice fo have chemotherapeutic 
:, activity ahd gie a .useful degree of proection 
against the following pathogenic organisms: 
" Haemophihts prtussis, Ha:emophilus  influenzae, 
Ebèrthella SyphL .Ezcherichia coli (includirg the 
' aeomolytie -arieties thereof associated with the 
,c, ,disease of .whte.s¢our in calves) and Brtcella 
;bonchi«pica. It has been round to hae .in 
.,vitro. anti-bacterial activiy against all the 
,organisms mentioned above and also gainst all 
species of Salmonella, Pseudomonas aerutiosa, 
, Shitella ,dynteriag,. Shitella ..paroEdysen$riae 
 arïd. Shigella soneî. 
-It ppears fo be bactericidal ,aàd hot merely 
:bacteriostati c toards organisms sensitive £o .ifs 
activity. 
',' -It bas been,found experimentally that the, ad- 
.ministration of .the antibiotic in doses of 0.05 
milligram by injection-twice dai!y.for three days 
into 15 mice-each infected intra-cerebrally with 
.10,000 lethal doses of mouse-passaged Haemo- 
75 philus pertussis enabled.13 ofthem-to survive he 
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infection for at least 15 days. 14 similarly in- 
fected mlce which were not given the antibiotic 
an died, the average survival period being 4.7 
days. 
The antibiotic has a relatlvely low toxicity, but 
when very much larger doses of it are adminis- 
tered intravenously fo mice death occurs from 
respiratory failure, while somewhat less than a 
lethal dose results in clonic convulsions followed 
by paralysis similar to that which may be induced 
by administration of curare, associated with 
marked resplratory difllculty and cyanosis, but 
the animals recover within 10 minutes. The in- 
dications and limitatlons on the use of polymyxin 
antibiotics are set forth in the article by B. M. 
Kagan, M. D., et al. in the J. Lab. and Clin. Med., 
volume 37, page 402 (March 1951). 
What I claire is: 
1. In the process of recovering an antibiotic 
from the metabolism fluid of a bacillus selected 
from the class consisting of BoEc/llus OEerospous 
Greer and BoEc/u8 poymyxoE (Prazmowski) 
lYIigula, the step of rendering impurities of a 
gummy nature soluble by heating the said me- 
tabolism fluid at a pli of below 6.0 and at an 
elevated temperature untll such impurities have 
dissolved. 
2. A process for the preparation of an anti- 
biotic comprising forming a culture of a bacillus 
selected from the class consisting of 
aerosporus Greer and Bacilu8 laoymyxa (Praz- 
mowski) Migula in a nutrient fluid, removing 
the bacillus from the metabolism fluid wherein it 
bas grown, heating the said fluid under acid 
conditions at a pli of below 6.0 and af an ele- 
vated temperature, flltering if, treating if with 
activated charcoal to extract impurities there- 
from, tncreasing the pli of the fluid above 6.0, 
adsorbing the antibiotic upon activated charcoal 
and removtng the antibiotlc from the said acti- 

6 
vated charcoal under acid conditions by treating 
the latter with a solvent for said antibiotic. 
3. The Process clalmed in claim 1 in which the 
metabolism fluid is heated with hydrochloric acid. 
5 4. The process claimed in claire 1 in which the 
metabolism fluid ts heated with hydrochloric 
acid, the hydrochloric acid present forming ap- 
proximately 2% of the weight of the mixture and 
being initially of a strength of approximately 
10 40% byweight. 
5. The process claimed in claim 1 in which the 
metabolism fluid is heated with sulphuric acid. 
6. The process claimed in claim 1 in which the 
metabolism fluid during the heating step has a 
15 pli of 2.0 fo 3.0. 
7. The process claimed in claim 1 in which the 
metabolism fluid is heated af approximately 80 ° 
centigrade for about 30 minutes. 
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